Background
==========

Computerized provider order entry (CPOE) systems are widely referred to a variety of computer-based systems that share common features of automating the clinical ordering process to ensure standardized, legible, and complete orders \[[@B1]\]. The systems provide an opportunity to reduce errors and thereby improve patient safety \[[@B2]-[@B4]\]. In general, CPOE systems have helped healthcare organizations and providers to increase safety, reduce errors, improve work-flow efficiency, and increase quality by obtaining relevant patient information and clinical knowledge at the moment of ordering medications \[[@B4],[@B5]\]. These systems may also affect outcomes such as medication and process costs \[[@B4],[@B6]\]. Nevertheless, the results of several studies indicate that CPOE system implementation and maintenance may also have unintended consequences \[[@B7],[@B8]\].

Many studies related to CPOE systems address the quality of care and services and, in particular, adverse events attributable to medication errors \[[@B3],[@B9],[@B10]\]. The increased use of CPOE systems has been reported to enhance legibility, result in faster transmission of orders, support the user\'s decision-making processes, and reduce errors \[[@B11]-[@B14]\]. However, although the benefits of CPOE systems are widely recognized, few healthcare settings have implemented these systems successfully \[[@B15]\]. Based on the fact that the use of a CPOE system involves individuals and depends on organizational context, any organizational plan to implement such a system could be expected to have procedures for collecting and attending to users\' opinions. In such efforts, it is important to collect and evaluate users\' feedback about the system. Also, previous studies \[[@B9],[@B16]\] have recommended that additional research to make the impact of CPOE systems more observable may improve adoption by users.

In this study, we set out to examine factors that may influence CPOE adoption among physicians and nurses in a large healthcare organization. The diffusion of innovation theory was used to understand physicians\' and nurses\' attitudes and thoughts about implementation and use of the CPOE system.

Theoretical Background
----------------------

Diffusion has been defined by Everett Rogers as \"the process by which an innovation is communicated through certain channels over time among the members of a social system,\" and an innovation is defined as \"an idea, practice, or objective perceived as new by an individual, a group, or an organization\"\[[@B17]\]. His diffusion of innovation theory outlines five attributes that are important in assessing the diffusion potential of an innovation: relative advantage (is the innovation \"better\" than the idea it replaced?); compatibility (is it consistent with existing values and needs of users?); complexity (is it hard to understand and use?); trialability (can you experiment with it?); and observability (are results visible to others?). While adoption of any innovation inevitably generates consequences, such consequences can be desirable or undesirable and anticipated or unanticipated \[[@B18]\].

According to Rogers, it is the unintended consequences that are the least studied in an innovation diffusion process. Undesirable, unintended, and unanticipated consequences consist of the adverse events or constraints that have not previously been seen and that have consequences for the effectiveness and efficiency of the system. Once an innovation has been adopted, consequences such as increased effectiveness and efficiency hopefully follow. However, according to Rogers, the consequences of adoption are the least studied aspect of the innovation diffusion process \[[@B17]\].

Several studies have applied diffusion of innovation theory to study the diffusion and adoption of different kinds of health information systems \[[@B7],[@B18]-[@B20]\]. For example, Ford et al. \[[@B19]\] found that developing a CPOE system that is user-friendly and easily integrated into hospitals\' legacy systems is more likely to achieve widespread adoption. There are only a few studies of unintended consequences related to the implementation of CPOE systems. One exception is the study by Ash et al \[[@B18]\], reporting errors and security concerns, as well as issues related to alerts, workflow, ergonomics, and interpersonal relationships. The authors also conclude that the diffusion of innovation theory framework is a useful tool for analyzing consequences of implementing complex clinical systems.

Study Context
-------------

The study was performed in Östergötland County (population 423,510) in Sweden, where tax-financed healthcare services are provided to the residents by the county council. Computer-based patient record systems have been used at primary health care centers and hospitals in the county for more than 10 years. The county council also supplied other types of computer systems to healthcare providers, such as appointment systems, physician-secretary communication systems for dictation, and an electronic prescribing system. However, these systems were not connected to one another to allow the sharing of information and other functions.

Implementation of a new integrated computerized patient record system was initiated in 2007 as a pilot project at a primary health care center in the western district (Motala) of the county. The implementation process continued from the western to the eastern district (Norrköping), and was finished in the central district (Linköping) by the end of 2008. This new integrated system, developed commercially, provides a comprehensive overview of the patient\'s health conditions and care. It makes available an infrastructure for sharing patient data between all healthcare care providers within the county council. One component of the integrated system is the CPOE, which supplies information about patients\' medications and prescription support functions, and is used to send electronic prescriptions. Previously, an electronic prescribing system was available only for the primary healthcare centers. Currently, the integrated system provides all units with CPOE system functions. The CPOE system was introduced in a step-wise manner throughout the entire county council.

The CPOE system is built up around a common list of medications comprising current and previous prescriptions. When a prescriber prescribes medication or changes dosage, he or she is supported by a central register of medications that is continually updated, with direct reference to national lists of pharmaceutical specialties, brief descriptions of products, instructions issued with medicines, warnings, and recommended and non-recommended medication and prescription templates \[[@B21]\]. A screen shot of the system interface is shown in Figure [1](#F1){ref-type="fig"}.

![**The physicians\' interface to the CPOE system**. A figure showing the physicians\' view of the CPOE system.](1472-6947-9-52-1){#F1}

The CPOE used was not a decision support system, i.e. the user was not provided with various alternatives to guide them in their decision making process. It was, however, possible to access concise information from the regional drugs and therapeutic committee regarding recommended drugs and recommended diluents etc.

The introduction of the CPOE system was mandatory for all clinics belonging to the county council. Exceptions were made for clinics where the CPOE did not provide adequate functionality and there was a risk for patient safety, e.g. intensive care clinics. Clinics had to formally apply for permission from a committee convened by the county council. Nurses used the COPE to document the administration of various drugs based on physicians\' orders. Nurses had to document if they had prepared and/or administered drugs as per physicians\' orders. The functionality for administering infusions was not deemed adequate by the coordinating committee and a number of clinics, for example surgery where large quantities of fluids are administered on a daily basis, were allowed to document their infusions on a standardized paper-based dosage form.

Methods
=======

Survey Questionnaire
--------------------

Two online survey questionnaires based on diffusion of innovation theory were developed to capture data from physicians and nurses, respectively (see Additional files [1](#S1){ref-type="supplementary-material"} and [2](#S2){ref-type="supplementary-material"}). Three diffusion of innovation theory attributes (relative advantages, complexity, and compatibility) that are necessary for assessing the diffusion potential of an innovation were covered by the questionnaires. The questionnaire asked the respondents to estimate on a five-graded Likert scale whether they agreed or disagreed with a set of statements for each of the three diffusion of innovation attributes. For each attribute, questions pertinent for the study context were carefully selected. For example, the compatibility attribute was covered by questions regarding the functions of the CPOE system, e.g. the functions supporting all types of prescribing (oral, injections, inhalations and infusions). For the relative advantages attribute, relevant comparative questions were identified, e.g. whether the CPOE system was easier and faster to manage than paper document. For the complexity attribute, constrains that could limit the CPOE system use were asked for, e.g. whether the system lead to more adverse drug events and whether it required double documentation (on paper and in the CPOE system).

The questionnaires also asked for data on demographic characteristics of the study population and an overall assessment of the introduction of the CPOE system and each of the attributes relative advantages, complexity, and compatibility with values and needs.

The two questionnaires consisted of both identical and different items. For example, items asked the physicians about whether the CPOE system allowed them to be more efficient in clinical decision-making in ordering prescriptions, and the nurses about the system\'s capability to support medications in the context of home visits. Identical questions were asked to physicians and nurses about whether the system supported prescribing medicine by different routes (oral, injection, inhalation, and infusion) and about whether the system saved time and was faster and easier than the previous system.

To increase the likelihood that the questionnaires would serve their purpose \[[@B22]\], their face validity was assessed by gathering 6 professionals\' opinions with backgrounds in health informatics, pharmacology, social medicine, economic information system, and statistics. After face validation of the questionnaires, we pilot tested them with 6 physicians and 3 nurses and allowed them to comment on the questionnaires as well. The questionnaires were revised according to their feedback.

Study Population
----------------

The study population consisted of all physicians using the system and the nurses responsible for CPOE system at the clinics using the system in Östergötland county. 741 physicians and 200 nurses were identified as being eligible to be included in the study by the division in charge of the CPOE system introduction at the county council.

Data Collection
---------------

The questionnaires were distributed in February 2009 through an online survey. The physicians and nurses were contacted by e-mail and asked to complete the questionnaires online. A first reminder was sent by e-mail in March. By early April, we had received 41 responses from the physicians and 186 responses from the nurses. To obtain more responses from the physicians, we tried to concentrate on those who work more with the CPOE system via distribution lists of physicians separated by clinic. We contacted the physicians again by sending the link for the survey to the identified e-mail lists, with a reminder after 2 weeks.

Of 200 surveys distributed to nurses, 186 were returned (overall response, 93.0%). Of 741 surveys to physicians, 211 were returned (overall response, 28.5%). However, 52 of the nurses\' questionnaires and 35 of the physicians\' questionnaires were excluded as incomplete. Thus, the total number of questionnaires included was 134 from 200 nurses (analyzed responses, 67.0%) and 176 from 741 physicians (23.8%).

Data Analyses
-------------

After collecting data, we collapsed the Likert scale (quite agree, agree, neutral, quite disagree and disagree) into three grades (agree, neutral, and disagree) to facilitate the data analysis. A group-level index was also composed for each of the diffusion of innovation areas investigated. A personal agreement ratio was computed for each respondent, consisting of the proportion (0-100%) of the statements that the respondent agreed with. A group-level index was then computed as the mean of the personal agreement proportions.

Descriptive statistical methods were used to compute means and frequency distributions for the data set. Differences in respondent profile and level of agreement were tested for significance using chi-square test (and Fisher\'s Exact Test when necessary). Statistical significance was determined by P \< 0.05. The statistical software, SPSS (Statistical Product and Services Solutions, version 16.0, SPSS Inc, Chicago, IL, USA) was used for analysis.

Ethics statement
----------------

The study design used for the research reported in the article did not involve patient or laboratory data, but only investigates users\' opinion about the CPOE system without experimentation. The study did thereby not require a formal ethical approval according to Swedish legislation. Participation in the study was both voluntary and anonymous. There was no way for us to identify the individual participants and thereby the participants are free to express their honest opinions about the system. Further, the study did not involve any sort of medical record review thereby protecting patient confidentiality.

Results
=======

The characteristics of the responding physicians and nurses are given in Table [1](#T1){ref-type="table"}. With regard to level of training and occupation for the physicians, 6 (3.4%) were interns, 29 (16.5%) were residents, 23 (13.1%) were junior specialist physicians, 81 (46.0%) were senior consultant physicians, 31 (17.6%) were general practitioners, and 6 (3.4%) were other. Among nurses, 5 (5.7%) were district nurses or midwives with own practice, and the remaining 129 (96.3%) were nurses working in group practices (Table [1](#T1){ref-type="table"}).

###### 

Characteristics of the physicians and nurses in the final study population.

  Characteristic                         Physicians *n*= 176   Nurses *n*= 134
  -------------------------------------- --------------------- -----------------
  **Sex**                                                      
                                                               
  Male                                   98 (55.7%             13 (9.7%)
                                                               
  Female                                 78 (44.3%)            121 (90.3%)
                                                               
  **Age groups**                                               
                                                               
  20-29 y                                9 (5.1%)              3 (2.2%)
                                                               
  30-39 y                                40 (22.9%)            34 (25.4%)
                                                               
  40-49 y                                49 (28.%)             42 (31.3%)
                                                               
  50-59 y                                53 (30.3%)            44 (32.8%)
                                                               
  \> 60 y                                24 (13.7%)            11 (8.2%)
                                                               
  **Workplace**                                                
                                                               
  Primary health care center             43 (24.4%)            9 (6.7%)
                                                               
  Hospital                               133 (75.6%)           117 (87.3%)
                                                               
  Home care                              0                     8 (6.0%)
                                                               
  **County district**                                          
                                                               
  Central                                102 (58.0%)           86 (64.2%)
                                                               
  Eastern                                36 (20.5%)            26 (19.4%)
                                                               
  Western                                38 (21.5%)            22 (16.4%)
                                                               
  **Time of CPOE system use**                                  
                                                               
  \< 6 months                            47 (26.7%)            43 (32.1%)
                                                               
  6-12 months                            34 (19.3%)            47 (35.1%)
                                                               
  \> 1 year                              95 (54.0%)            44 (32.8%)
                                                               
  **Number of orders in a normal day**                         
                                                               
  \> 20                                  45 (25.6%)            51 (38.1%)
                                                               
  10-20                                  76 (43.2%)            27 (20.1%)
                                                               
  \< 10                                  55 (31.2%)            56 (41.8%)

More nurses (56.7%) than physicians (31.3%) stated that the CPOE system introduction had worked well (good or very good) in their clinical setting (P \< 0.001). There was no difference in the level of satisfaction with regard to workplace (P = 0.137), county district (P = 0.629), length of CPOE system use (P = 0.526) or number of orders prescribed in a normal day, the number of orders in a normal day refers to orders entered for physicians and orders managed for nurses (P = 0.210).

Similarly, more physicians (73.9%) than nurses (50.7%) reported that they found the system not adapted to their specific professional practice (*P*= \< 0.001). There were no differences between workplaces (*P*= 0.865), county districts (*P*= 0.974) or individuals with different length of CPOE system use (*P*= 0.482) and number of orders prescribed in a normal day (*P*= 0.287). Also more physicians (25.0%) than nurses (13.4%) stated that they did want to return to the previous system (*P*= 0.041). There was no difference with regard to workplaces (*P*= 0.182), county district (*P*= 0.553), length of CPOE system use (*P*= 0.553) or number of orders prescribed in a normal day (*P*= 0.588).

When comparing the composed index for the three attributions of the diffusion of innovation theory (Figure [2](#F2){ref-type="fig"}), we found that the received relative advantages of the CPOE system were estimated to be significantly (*P*\< 0.001) higher among nurses (39.6%) than physicians (16.5%). Rather paradoxically, the physicians found the CPOE to be both more compatible with their professional values (*P*\< 0.001) and more complex to use (*P*\< 0.001) than nurses. Among physicians, the received relative advantages of the CPOE system (*P*\< 0.575) as well as compatibility of the system (*P*\< 0.150) displayed no significant differences between the workplaces. However, hospital physicians\' agreement with that the CPOE was complex to use was significantly higher than among physicians who worked in primary healthcare (P \< 001). Among the nurses, when comparing the composed index for the three attributes of the diffusion of innovation theory between workplaces, we found no significant difference for any of the attributes.

![**Proportion of physicians and nurses who agreed with statements regarding the CPOE system\'s compatibility, relative advantages, and complexity of use**. A figure showing the physicians and nurses\' agreement with statements regarding the CPOE system\'s compatibility, relative advantages, and complexity of use.](1472-6947-9-52-2){#F2}

A large share of the physicians and nurses agreed that the CPOE system provides access to a public list of medicines (62.5% and 61.2%, respectively), supplies adequate support in prescribing oral medicine (57.4% and 60.4%, respectively), and provides clinically relevant alerts for drug interactions (47.7% and 49.3%, respectively). However, only 5.7% of the physicians and 9.7% of nurses agreed that the system provides adequate support in prescribing medication by infusion, and only 15.3% of the physicians and 25.4% of the nurses agreed that the system provides an opportunity to create, change, suspend, and terminate medication regimens (Figure [3](#F3){ref-type="fig"}).

![**Distribution of the respondents\' agreement with statements about whether the CPOE system is compatible with professional values and needs**. A figure showing the physicians and nurses\' agreement with statements about whether the CPOE system is compatible with professional values and needs.](1472-6947-9-52-3){#F3}

The respondents offered diverse opinions about the relative advantages of the CPOE system on work efficiency and patient safety (Figure [4](#F4){ref-type="fig"}). Most of the physicians (65.3%), but fewer nurses (40.3%), agreed that the system was faster to handle than the paper-based system. However, fewer physicians (54.5%) than nurses (72.4%) agreed that the system increased the legibility of prescriptions. In addition, 54% of physicians and 70.1% of the nurses agreed that the system contributed to better information exchange between different caregivers. A low percentage of the physicians (18.2%) and nurses (25.4%) agreed that the system saved time for staff. It is noteworthy that regarding patient safety, few of the respondents agreed that the system reduced the risk of medication error (22.7% of the physicians and 32.1% of the nurses) and that the system helped to achieve a high level of patient safety (22.7% of the physicians and 38.8% of the nurses).

![**Distribution of respondents\' agreement with statements about the received relative advantages of the CPOE system**. A figure showing the physicians and nurses\' agreement with statements about the received relative advantages of the CPOE system.](1472-6947-9-52-4){#F4}

Most physicians (82.4%) and nurses (82.8%) agreed that the CPOE system increased computer dependency. In addition, 67% of the physicians and 61.2% of the nurses agreed that the system led to computer-related problems (software and hardware), which impacted on time use. The physicians (50%) and nurses (41%) agreed that the system raised doubts about reliability/completeness of data (Figure [5](#F5){ref-type="fig"}). Notably, only 30.7% of the physicians and 30.6% of the nurses agreed that the system introduction led to more adverse drug events.

![**Distribution of respondents\' agreement with statements about complexity of the CPOE system**. A figure showing the physicians and nurses\' agreement with statements about complexity of the CPOE system.](1472-6947-9-52-5){#F5}

Discussion
==========

We analyzed physicians and nurses\' experiences related to the adoption of a CPOE system, structuring the analyses according to three attributes of diffusion of innovation theory, i.e. the relative advantage of the system, its compatibility with professional values and needs, and its complexity of use. Three-quarters of physicians and one-half of nurses found that the system was not adapted to their specific professional practice. Nurses were estimated to receive a higher relative advantage from having the system introduced in their work routines than physicians, while physicians found the system being more compatible with their professional values but more complex to use than nurses. Although disappointing, this pattern is not surprising in light of previous research and due to the fact that CPOE systems are mainly designed to support nurses in administering these decisions to patients, while supporting physicians\' clinical decision-making.

The results indicate that an important reason behind the reluctance of physicians and nurses to use the CPOE system was that the system was not adapted to their work routines. When developing a clinical computer system that users interact with in their daily practice, consideration of the users\' professional requirements must be at the core of the system implementation process \[[@B18],[@B20]\]. In the study setting, the respondents seemed to be negative towards the CPOE system due to productivity losses, e.g. as consequences of human-computer interaction problems. Previous studies have shown that CPOE systems can increase productivity by making it possible to execute orders faster and easier than using paper technology \[[@B14],[@B23],[@B24]\]. However, the results of our study showed that most physicians and the nurses disagreed that the system saved time for them and was as easy to manage as paper documents. But although prescriptions may have taken more time per order using the CPOE system than paper, time can be saved during sequential tasks, for example, by being able to review the orders without having to use paper \[[@B25]\]. Such an interpretation is supported by the fact that a majority of the physicians and nurses in our study did not want to return to paper documents.

Moreover, patient safety has been identified as one of the most important advantages of CPOE systems, if not the most important. In Bates et al \[[@B3]\] and Ammenwerth et al. \[[@B26]\] studies, the safety effects have been reported to be mediated through two mechanisms, avoidance of mistakes (increased prescription legibility and possibility to correct misunderstandings) and support for evidence-based prescriptions.

Alertness is particularly important in light of the results of several previous studies that reported that CPOE systems led to a number of errors and adverse drug events \[[@B27]-[@B29]\]. In fact, about 30% of the physicians and nurses in our study indicated that the system could lead to more adverse drug events. As stated by Ash et al. \[[@B18]\], there are unintended consequences since not all outcomes can be foreseen such as error and security concerns.

Our results show that physicians and nurses agreed about increased prescription legibility. However, the results also show that most physicians and nurses disagreed that the CPOE system supported evidence-based pharmacological decision-making. In this regard, our results are consistent with previous studies \[[@B30]\]. One important reason for the disappointment with the decision support could be identified in our data, i.e. the insufficient compatibility between the system and clinical tasks. The system was intended to cover all kinds of prescriptions as well as to change medication regimens and provide clinically relevant alerts for drug interactions \[[@B21]\], failed to meet these requirements. More research is thus required on the clinical decision-making associated with prescriptions. If the system does not allow executing critical actions in the fulfillment of this category of tasks, the consequences can be fatal.

A CPOE system with integrated clinical decision support can be an advantage for the busy clinician who must combine and manage an increasing body of clinical knowledge. However, such support will not be optimal if clinicians begin to trust these systems without questioning the assistance \[[@B31]\]. Recent research on safety in human-machine interaction suggests that the presence of environmental cues reflecting hazards increases alertness among decision-makers and reduces the risk of mistakes \[[@B32]\]. From this perspective, it is positive that the system users had doubts about the reliability and completeness of the support provided by the system.

The present study has some important limitations. First, non-response leads to a smaller study group and possible loss of accuracy in the analyses. Despite the good response from the nurses, the non-responding physicians constituted more than half of the original population. It is not possible for us to know whether the respondents differed from the non-respondents in their attitudes toward the CPOE system, but non-responders did not differ from responders with regard to age, sex, and occupation. Second, only quantitative analyses were performed in this study. To analyze the individual and specific consequences and problems, qualitative data could have been more appropriate. A final limitation is that we did not formally validate the questionnaire items with regard to diffusion of innovation theory. The face validity of the separate questions was examined in several steps, as described in the Methods section.

Conclusion
==========

The risks of ineffective implementation and adoption of CPOE systems are high, as well as the risk for unintended consequences \[[@B12],[@B26]\]. The importance of understanding the concerns of CPOE system users has been highlighted previously \[[@B33]\]. The diffusion of innovations theory with its attributes was found to be well suited for describing the organization-wide adoption of CPOE systems. According to the results, the qualifications for adoption as defined by the three attributes of diffusion of innovation theory were not satisfied in the study setting. Regarding the compatibility attribute of the CPOE system and the respondents concerns about the system adaption to their professional practice, it can be concluded that to decrease this concern, it is likely that performing needs assessments and supporting active physician and nurse involvement in the design and preparation will result in higher levels of satisfaction and use of CPOEs.

CPOE systems are introduced as a response to the present limitations in paper-based systems. In consequence, user expectations are often high on their relative advantages as well as on a low level of complexity. Building CPOE systems therefore requires designs that can provide rather important additional advantages compared to traditional means, e.g. by eliminating ambiguous handwriting, preventing prescription errors, increasing efficiency, producing cost savings, and ultimately improving patient safety and safety of clinical work \[[@B12],[@B34]\]. In spite of the enormous investment in HISs such as CPOEs, however, the outcomes of many implementations have not met all the expectations \[[@B18],[@B35],[@B36]\]. This means that the decision-making process leading to the implementation and use of CPOE systems in healthcare has to be improved. As any change in health service settings usually faces resistance \[[@B37]-[@B39]\], we emphasize that CPOE system designers and healthcare decision-makers should continually collect users\' feedback about the systems, while not forgetting that it also is necessary to inform the users about the potential benefits involved \[[@B33]\].
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